Aerobic 2- and 4-nitroreduction of CB 1954 by human liver.
5-(Aziridin-1-yl)-2,4-dinitrobenzamide (CB 1954) is an anti-tumour prodrug which recently entered clinical trials in combination with Escherichia coli nitroreductase in a gene-directed enzyme prodrug therapy (GDEPT) context. A Phase I trial of the prodrug, however, revealed dose-limiting hepatotoxicity (transaminitis). The aim of this study was to find out whether the prodrug undergoes reductive metabolism in human liver to cytotoxic metabolites which may contribute to this clinical toxicity. CB 1954 (2.5-250 microM) was incubated with human liver preparations (2-8 mg/mL of S9, cytosolic or microsomal proteins) in the presence of NAD(P)H (1 mM). The NADH- and NADPH-dependent formation of both 2- and 4-nitroreduction products was demonstrated, with NADPH being the preferred cofactor, by HPLC and mass spectrometry. The major metabolite formed in all three human liver preparations was the 4-hydroxylamine, a potent DNA cross-linking cytotoxin. The 2-hydroxylamine and 2-amine metabolites were also detected, both of which have also been demonstrated to be highly cytotoxic. 2-Nitroreduction was far greater in S9 compared with cytosol and was not detected in microsomal preparations. Although 2- and 4-nitroreduction of CB 1954 was inhibited under hyperoxic conditions, substantial metabolism was observed under atmospheric oxygen levels. These studies demonstrate that human liver is capable of aerobic reductive bioactivation of CB 1954 to cytotoxic metabolites in vitro, possibly involving multiple enzymes, which may account for the clinical hepatotoxicity observed.